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ABSTRACT
Molar conductivities of dilute solutions of 2:2 electrolytes i.e. MnSQO4 , CuSO4 and ZnSO4 in binary mixtures of
DMF and water were measured in the temperature range from 298.15, 303.15, 308.15 K . The limiting molar
conductivity (40) were determined by the Lee-Wheaton conductivity equation. For a given dielectric the A, values

for all the salts increases with increasing size of the cation and follow the order Mn** < Cu**< Zn** in DMF + H,0
mixtures

Keywords: limiting molar conductivity, DMF, Dielectric constant, MnSQ,4, CuSO4 and ZnSQO49.

I.  INTRODUCTION

In the investigation of the transport behaviour of the dilute electrolytic solutions many workers [1-8] have explained
the concentration dependence of conductance data in terms of continuum theories. According to these theories, the
decrease in conductance with increasing solute concentration arises from the electrostriction, relaxation and ionic
association. However, these theories have been developed by many [5-8] who interpreted the magnitude of
conductance behaviour in terms of ion-ion and ion- solvent interactions ,the vital roles played by the dielectric
constant and the viscosity of the medium and the nature of the solute, comprehensive attentions [1-5] has been
drawn to the salts of large size, particularly alkali halides and alkali earth sulphates, owing to their excellent
solubility characteristics in a wide variety of solvents and their ability to form a homologous series that makes a
comparative study feasible.

A thorough review on the sequence of developments of conductance equations revealed that the original Fuoss —
Onsager conductance equations have been revised many times by workers like Fuoss and Krauss [9] ,Fuoss- Hasia
[10] , Fuoss and Justice [11], Pitts [12] and Fernandez — Prini [13] But the problem of selecting the appropriate
conductance equation suggests to review thoroughly the sequence of developments of conductance equation.

According to the Debye —Huckel- Onsager equation [14-16] the equivalent conductance, A is given as
A=A()-(()LA0+[3)Cl/2 D

Therefore, it would be of great interest to undertake an analysis of 2:2 electrolytes in terms of Fuoss -1978 and LW
equations in order to examine its applicability.

For this purpose, measurements of electrical conductances of 2:2 electrolytes ( MnSO, , CuSO4 and ZnS0O4 ) in N-N
— Dimethylformamide - water( DMF-H,O ) mixtures of varying dielectric constants (48.96 < D < 76.78)
respectively have been made as a function of concentration at 298.15, 303.15 and 308.15%K.

I1.  EXPERIMENTAL

1) Chemicals:
Manganese Sulphate, Copper Sulphate, and Zinc Sulphate (BDH, AG) were used as solutes while
pure and distilled Dimethylformamide (E. Merck) were used to prepare the solvent mixtures.

2 Preparation of electrolytic solutions:

All the electrolytic solutions 2: 2 salts were prepared on the basis of weight. Dimethylformamide
(DMF) + water (48.96 <D < 76.78) mixtures of varying dielectric constants under study were also
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prepared. Triply distilled water (specific conductance, 3.6 x 10®°ohm? cm™) was used for
preparing different solvent mixtures. Then a weighed amount of solute was dissolved in 25 ml of
mixed solvent in a dry vessel. Initially a concentrated electrolytic solution was prepared and
solutions of different concentrations were prepared by the method of dilution.

3) Temperature control:
All the measurements were made at different temperature (298.15°, 303.15° and 308.15°K) in a
double walled thermo-stated water bath with a thermo regulator in order to maintain a uniform
temperature. The overall temperature stability was found to be within + 0.05°C.

4) Measurement of conductance:
Conductance measurements of all the electrolytic solutions were carried out by Digital
Conductivity Meter (611 — El Products INDIA) at a constant frequency of 1 KHz with an accuracy
of + 0.05to 0.01 %. The Pyrex conductivity cell of cell constant 0.760 cm™ was used having
bright platinum disc electrodes containing about 200 ml of solutions. The cell was calibrated by
method of Lind and co-workers (44) using the desi-normal potassium chloride solution.

(5) Measurement of density:
A single limbed calibrated pyknometer with a glass bulb capacity of approximately 5.786 mi
volume was used for determining the densities of the solvents. The pyknometer stem of 5.5 cm
length and 2 mm diameter with uniform graduations of 0.01 ml divisions so that the volume could
be read upto 0.005 ml. In order to avoid the effect of air tension inside the pyknometer the cork
was open for a while at each reading at corresponding temperatures.

(6) Measurement of viscosity:
Cannon-Ubbelohde viscometer was used for the viscosity measurement. It has been calibrated
prior to use by the standard method.. The accuracy of calibrated viscometer was checked by
measuring the viscosity of triply distilled water at test temperature and compared with those of the
reported values . The reproducibility was found to be within + 0.05 %.

@) Dielectric constant :
The reported dielectric constant [45, 46] values of the solvent mixtures were used .

I11.  RESULTS AND DISCUSSION

1. Density and Viscosity of Solvent Mixtures —

The densities, p and viscosities, 1 of DMF + H,0 Solvent mixtures of varying dielectric constants have been
measured as a function of weight percent (wt%) of DMF at 298.15, 303.15 and 308.15°K . The densities of solvent
mixtures are found to decrease with increase in wt% of DMF at different temperature. Also the viscosities of the
solvent mixtures are found to increase with increase in wt% of DMF due to hydration effect of DMF resulting in an
increased solvent structure.

2. Concentration Dependence of Equivalent Conductance -

The electrical conductance of dilute solutions of MnSO,, CuSO4 and ZnSO, in DMF + H,O mixtures of various
dielectric constant values covering the range (48.96 < D <76.78) have been measured as a function of concentration
at 298.15, 303.15 and 308.15°K.The observed values of equivalent conductance, A (S cm? mol?!) as a function of
concentration, C ( mol dm) are presented in Table- 11 B(2) for 2:2 symmetrical electrolytes respectively.

The Avalues have been plotted as a function of VC in fig. — | B (2.1 to 2.15). It is evident from the Onsager plots
the decrease in A values with increase in solute concentration of all the salts under study is supported by the Debye-
Huckel theory. The decrease in ionic mobility with increasing solute concentration has been attributed to the
decrease in the free ion concentration as ionic association increases by the action of long - range inter ionic forces.

For a given dielectric constant the conductance of all the salts vary consistently with increasing size of the cation
and therefore follows the order Mn** < Cu** < Zn** while the conductance of a given salt decreases with decreasing
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dielectric constant of the medium. Higher the value of dielectric constant higher is the value of conductance
observed, which attributed to the greater ionization of the solute. Lower the dielectric constant, lower is the value of
conductance due to the formation of ion - dipolar pair in dipolar associated solvents as observed in present case.

3. Analysis of Conductance Data —

The concentration and temperature dependence of conductance data for MnSQO,4 , CuSO4 and ZnSO4 in DMF + H,0
mixtures have been first analyzed in terms of Fuoss (1978) conductance equation based on the concept of diffusion
controlled steady - state approach is of the form,

A=[1-a(1-y)] [Ay(1+AX/X)+AA] (3.1)
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Table Il B (2): -Equivalent Conductance, A (S cm? mol?) as a function of Molar concentration C (mol dm-3) of MnSQsa,
CuS04, and ZnSO4 in DMF - H20 mixtures at 298.15°K , 303.15%K,308.15°K

MnS0y CnS0Oy Ins0y
crnott———A _cnot———2 _lcnot———4 _
208.15°K | 303.15°K [ 308.15°K 208.15°K | 303.15°K | 308.15°K 208.15°K [ 303.15°K | 308.15°K

10 wt% DMF + H,O
821.7 497 57.16 66.25 821.7 5320 56.14 58.74 821.7 6497 71.01 78.29
639.1 5266 60.75 7021 547.3 6101 6449 67.16 5869 7235 78.74 86.39
5229 55.02 63.60 7335 410.7 66.88 70.80 73.45 456.4 78.07 84.62 92.49
4424 5696 6592 7592 3285 7160 7586 7849 373.4 8270 89.33 97.32
331.8 60.22 69.80 80.23 271.2 7572 80.29 82.88 316.0 8659 93.22 101.28
2654 62.64 7268 8341 2324 79.07 8390 86.43 273.8 8991 96.52 104.63
2212 6454 7419 8589 2034 8198 87.03 8950 174.2 100.22 106.51 114.62
1659 67.34 7819 8954 180.7 8454 89.79 9221 127.8 106.96 112.85 120.83
110.6 70.85 8227 9409 1129 94.56 100.63 102.71 99.36 112.09 117.57 12541

88.4 7256 84.24 9629 82.13 100.97 107.58 109.36 81.3 11594 121.04 128.75
20 wt% DMF + H,O

658.4 28.44 30.07 3284 658.4 3405 3605 39.38 658.4 5031 5582  60.94
438.0 3230 3428 37.20 438 3881 4075 4369 470.2 5553 6145  66.87
329.2 3513 37.37 4038 329.2 4227 4416 4752 3657 5952 6574 7135
263.3 37.39 30.83 42089 263.3 4501 46.86 5054 299.2 6273 69.19  74.92
219.0 39.26 41.87 4498 219.0 47.26 49.07 5302 253.2 6539 7206 77.86
146.0 4333 4632 4947 1460 5211 5386 57.35 207.1 6856 7545 8132
109.5 4611 49.38 5252 1095 5539 57.10 61.93 1753 7116 78.23 8451
87.6 4818 51.64 5478 87.6 57.80 5948 6455 1252 76.19 83.60 89.51
73.0 4979 5342 5652 73.0 59.66 61.32 6657 79.6 8239 90.17 9598
62.5 51.09 5485 5993 625 6116 6280 6819 689 8419 9208 97.84
30 Wt% DMF + H,0
491.8 3051 3263 3442 491.8 3112 3509 4064 491.8 3639 4035  44.41
327.8 3447 3680 39.08 327.8 3582 39.90 4554 351.2 4048 4459  49.19
2458 3742 3989 4252 2458 39.35 4344 4903 2732 4361 47.83 5281
196.6 39.76 4233 4522 196.6 4217 4621 5168 2235 4612 5047 5572
163.8 41.69 44.33 4743 163.8 4450 4847 53.79 189.1 4822 5265  58.11
140.4 4333 4603 49.29 140.4 4648 50.36 5555 163.9 50.01 5452  60.14
105.3 4633 49.14 5270 1228 4821 5199 57.00 117.1 5412 5881  64.77
84.2 4861 5148 5526 109.2 49.72 5339 5825 91.0 57.07 6190 68.05
56.1 5251 5547 59.61 78.2 5393 57.23 6157 63.0 61.08 6612 7246
421 5504 5803 6238 60.1 5713 6007 6394 48.1 6374 6893 7536

Table 11 (B) 2 :- Continued
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MnS0Oy CnS0Oy InS0,

A A A

c/10* c/10* c/io*

298.150}4303.15°|4308.15°K 298.15°K1303.15°K1308.15°K 298.150K1303.15°KI 308.15°K

50 wt% DMF + H,0O
382.2 1324 1192 1176 382.2 1296 1532 18.66 382.0 1753 2452 2551
286.5 14.61 1326 1321 254.6 1516 1748 2048 272.8 1917 26.08 27.93
229.2 1570 1448 1443 1909 16.86 1913 2179 2122 2038 27.28 @ 29.75
191.0 16.62 1548 1549 152.7 1826 2048 2279 141.4 2229 29.22  32.66
1273 1872 17.87 18.04 127.3 19.44 2159 2359 106.1 2359 3054 34.64
95.4 2022 1966 19.99 84.8 2221 2415 2531 707 2526 3227 @ 37.23
76.3 2136 2111 2157 63.6 2423 2596 2643 47.2 2673 3381  39.53
63.6 2227 2230 2289 50.9 2581 2734 2723 403 2724 3434 40.34
47.7 2367 2419 25.03 424 2711 2844 2785 352 27.65 3478  40.99
33.1 2530 2657 2775 36.3 2820 2936 2834 313 28.00 3513 @ 4153
60 wt% DMF + H,O
303.8 1480 16.64 1826 303.8 19.27 21.75 25.02 303.8 1450 16,59  19.63
227.0 1655 1858 2031 2025 2218 2461 28.07 182.2 1797 2050 23.78
182.0 1797 2015 2196 1519 2437 2676 3028 130.2 20.60 2345 26.79
151.9 1919 2149 2336 130.2 2558 2794 3146 86.8 2415 2741  30.68
101.0 2212 2469 26.67 97.0 2794 3024 3369 651 2692 3047 3355
75.0 2437 2715 2916 781 2969 3194 3529 52.0 2920 3298 3584
60.0 26.11 29.02 31.04 55.0 3251 3464 3774 434 3111 3507 37.68
50.0 2755 3056 3257 434 3437 3641 3928 37.2 3280 3690 3924
33.0 3082 3403 3598 39.0 3519 3717 3994 325 3430 3852 4061
28.0 3210 3538 3727 32.0 36.66 3855 4110 28.8 3567 40.00 4181
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10 wt% DMF + H,0 —+—298.15°K
—#—303.15°K
—#—308.15° K
MnSO,
10 15 20 25 30

VC x 102 (mol dm-3)
Fig. | B (2.1):-Plot of A vs YC for MnSO4 in DMF-H.0 Mixture

10 wt% DMF + H,0 —+—298.15°K

—#—303.15°K

Cuso4 ~A—308.15° K

10 15 20 25 30

VC x 102 (mol dm-3)
Fig. | B (2.2):-Plot of A vs YC for CuSO4 in DMF-H.0 Mixture
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Fig. I B (2.4):-Plot of A vs.NC for MnSO4in DMF-H,0 Mixture

Volume 15, No 8, 2024 77 https://aaseresearch.com/



Advances in Aeronautical Science and Engineering
ISSN: 1674-8190

70
20 wt% DMF + H,0 —+—298.15°K
65 |
—m—303.15°K
—_ CusoO,
S 60 - —4—308.15° K
2
o
55 |
£
(o]
€ 50 -
(8]
23
45 |
<
40 |
35 |
30 T T T T
5 10 15 20 25 30
VC x 102 (mol dm-3)
Fig. | B (2.5):-Plot of A vs.NC for CuSO4in DMF-H20 Mixture
120
20 wt% DMF + H,0 —+—298.15°K
110 -
—#—303.15°K
:100 2 ZnSO, —#4—308.15° K
2
o
90 |
£
(o]
£ g0 -
(8]
L
70 |
<
60 |
50 |
40 T T T T
5 10 15 20 25 30

VC x 102 (mol dm-3)
Fig. I B (2.6):-Plot of A vs.YC for ZnSO4in DMF-H20 Mixture
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Fig. | B (2.10):-Plot of A vs.NCfor MnSQ4in DMF-H.0 Mixture
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50 wt% DMF + H,0 —+—298.15° K
| —#—303.15°K
i —#—308.15° K
0 4 8 12 16 20 24
VC x 102 (mol dm3)
Fig. | B (2.11):-Plot of A vs.NCfor CuSO4in DMF-H20 Mixture
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Fig. 1 B (2.12):-Plot of A vs.\Cfor ZnSO4 in DMF-H.0 Mixture
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Fig. | B (2.14):-Plot of A vs.NCfor CuSO4in DMF-H20 Mixture
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Fig. | B (2.15):-Plot of A vs.NC for ZnSO4 in DMF-H20 Mixture

where Ag stands for the limiting equivalent conductance and the term A X/X represents the relaxation effect, A Ae
the electrophoretic effect, while y denotes the fraction of solute present as free ions and o is the contact pair
parameter. Both A X and A A. depends on the values of the diameter of Gurney co-sphere (R), dielectric constant
D, temperature and viscosity n, of the solvent mixtures. The parameters and auxiliary variables are related by a set
of following equations,

Ke=(1—a)(1—y)/Cr? f?
Kr = (1- a) (1-y) /ey 2
= (4nNR®/ 3000) exp (B/R) 3.2)
Ks =o/(1-01) (3.3)

Where Kg, describes the formation and separation constant of solvent separated ion - pairs by diffusion in and out of
spheres of diameter (R) around the cations and Ks is the contact ion - pair formation constant describing the short -
range process in which dipolar pairs form and dissociate, while y denotes the fraction of solute present as free ion, a

is the contact pair parameter, f is the activity coefficient and C is the molar concentration.

The conductometric pairing constant, Ka is given by,

2 2
=1-y/
Ka=t=77Cy 14 (3.4)
The activity coefficient is given by
-Inf =pK/2(1+KR) (3.5)
Where B = €?/DKT
and K2?=8nByn= npNyC/125

The equation (3.1) to (3.5) have been used to find the values of three parameters (A; K,,R) for symmetrical
electrolytes where y < 1 and K,> 0.0 which minimize the squares of the difference between observed conductance

and those calculated by an equation of this form ,
6%\ = 2" [A )~ A oy 7/ (n-p)  (3.6)
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Where, ‘n’ is the number of data points and ‘p’ is the number of parameters. The initial values of limiting equivalent
conductance, A, used in the Fuoss method of analysis were obtained employing shedlovsky’s method [17] of

extrapolation of the original data . The values of A have been computed for each of the sequence of R- values of

minimizing the standard deviation, o,

The computed values of R which depend on the dielectric constant of the medium are used to find the value of R ;.

for each salt in order to obtain the final of R. Thus, in order to treat the data for R . values, R will therefore be

arbitrary present at the centre-to-centre distance of solvent separated pair for the system of higher dielectric constant.
R= a+ds If (&+0ds)>ppn

Where, ‘a’ is a sum of the crystallographic radii of the ions and ‘ds’ is an average distance corresponding to the size
of a cell occupied by a solvent molecule. The distance ‘ds’ is given by

ds=(M /N py* =1.183[(M / p)»A°]

Where M is the mean molecular weight of the solvent mixtures and p is the density, for the system of lower
dielectric constant,

R=p/2 If (& +ds)<pn

The computer values of the adjustable parameters A Ky and R along with those of 6,% thus obtained are listed in
Table — 111 A(3.1,3.2) and Table — 111 B(3.1,3.2) .

Similarly, each set of conductance data has been analyzed using Lee- Wheaton (LW) conductance equation [34,35 ]
based on the Gurney co-sphere model is of the form,

A= YA, [1+C1(K R)(BK) + Co(K R)(BK)?+C3(KR) (BK)®] - pK/(1+KR) [1 + C4(KR) (BK) + Cs(KR) (BK)? +KR/12]
(3.7
Where p= |Z| Fe/(299.79x3nm), B=Z%e?/ DKT,
R is the distance parameter, K is proportionate to (yC)~?> and all other symbols have their usual meanings. The
coefficient of C;- Csare complex functions of [(K R=8nNe?|Z[>yC/ 1000 DkT)Y?].

f=2=exp [- BK/ (14K R)]

2 2
Kia=1-7/Cy T

v = [(1+4 KaCf+2) 2 - 1] / 2K, Cf=2

and

The computed values of the best-fit parameters of the limiting equivalent conductance , A, , association constant ,
K, and the distance parameter R along with o, % which correspond to minimum standard deviation from F-78 and
LW conductance equation for 2:2 electrolytes in DMF + H,0 mixtures are listed in Table — 11l A (3.1 & 3.2) and
Table — 111 B (3.1 & 3.2) respectively.

Limiting Equivalent Conductance —
The computed values of limiting equivalent conductances A, for all the 2:2 electrolytes in various DMF+H,0

mixtures are presented in Table- 111 B (3.1 & 3.2) respectively. It is seen that the A values appear to follow the order
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similar to those of the A i.e. Mn™ < Cu*™* < Zn** for 2:2 electrolytes . Moreover , the variation of A, values for 2:2
salts in all the DMF+H,O has been found to resemble those of their corresponding A values at all temperature under
study . It is also appears that the A, values show a consistent variation with dielectric constant of the medium i.e.

decreases with decrease in the dielectric constant of the medium.

Association Constant —
The computed values of association constant K, for all the salts under study are given in Table- 111 B (3.1 & 3.2).

An examination of these values reveals that the ionic association obtained through F-78 equation differs in
significance than those obtained from LW equation. The increase in ionic association appears to increase with the
decrease in dielectric constant of the medium. Furthermore, a perusal of Table-11l B (3.1 & 3.2) reveals that the K

values for 2:2 salts in a given dielectric medium decrease with increasing size of the cations in the dielectric range
(48.96 < D < 76.78) and follows the order Mn**.> Cu™ < Zn** respectively. This anomalous behaviour of K, values

in the DMF + H,O mixture may be ascribed to the predominant solvation of cations due to increase in the charge

density with decrease in size as observed in other aqueous and aquo-organic solutions [39].

Table 111 B(3.1):-Best fit parameters for MnSOs, CuSO4, ZnSO4 in  DMF - H20 mixtures at 298.15°K , 303.15%K,308.15°K
using the F78 Equation.
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TEMP K R
SALT 5 ‘2\0 . s ) 6,%
(7K) (Scm"mol™) | (dm” mol™) (A)
10 wt% DMF + H,O
298.15 84.52 +0.07 41.60 3.76 0.08
MnSO, 303.15 98.20+0.02 31.70 3.68 0.02
308.15 111.45+0.07 26.20 3.48 0.05
298.15 137.91+0.01 38.40 3.50 0.01
CusO, 303.15 143.03 £ 0.04 24.70 3.52 0.01
308.15 145.97 £0.17 18.10 3.28 0.06
298.15 148.21 +£0.07 13.50 3.16 0.02
ZnS0O, 303.15 148.45 £ 0.02 15.20 3.22 0.02
308.15 154.57 £0.04 13.20 3.12 0.02
20 wt% DMF + H,0
298.15 65.36+0.01 52.20 4.58 0.06
MnSO, 303.15 70.68 £ 0.02 48.50 4.30 0.02
308.15 72.91+0.04 47.40 4.59 0.02
298.15 77.023+£0.09 50.30 4.25 0.05
CusO, 303.15 78.38£0.03 38.30 4.12 0.02
308.15 85.11+0.04 46.90 3.95 0.02
298.15 104.57 £0.01 32.99 4.12 0.05
ZnS0O, 303.15 113.15+0.06 38.80 3.96 0.03
308.15 117.96£0.04 33.00 3.54 0.02
30 wt% DMF + H,0
298.15 68.54+0.17 97.90 5.72 0.08
MnSO, 303.15 71.54+0.19 65.80 5.26 0.09
308.15 77.82 £0.02 66.40 5.34 0.01
298.15 80.27 £ 0.08 67.40 5.47 0.03
CusO, 303.15 78.20+0.02 52.80 5.20 0.01
308.15 78.72+0.04 61.10 4.96 0.02
298.15 79.27£0.03 61.70 5.22 0.02
ZnS0O, 303.15 85.46+0.05 56.10 4.68 0.03
308.15 91.99+0.02 40.48 4.96 0.01
Table 111 B (3.2) :-Continued
SALT '|('E|\K/|)P Ao Ka R %
(S cm?mol ) (dm® molh) (A%
50 wt% DMF + H20
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298.15 48.76 £ 0.07 230.20 6.86 0.02
MnSO4 303.15 52.26 = 0.25 102.40 6.57 0.10
308.15 51.03+0.10 96.20 6.80 0.08
298.15 50.70 + 0.04 95.60 6.56 0.02
CuSOq4 303.15 50.32 £ 0.15 79.50 6.18 0.04
308.15 52.63+0.11 49.10 6.67 0.02
298.15 70.73£0.01 68.40 6.25 0.01
ZnSO4 303.15 74.84 +0.148 59.80 5.98 0.16
308.15 62.96 + 0.04 44.90 6.17 0.04

60 wt% DMF + H20

298.15 32.72 +0.10 273.20 8.25 0.03
MnSO4 303.15 39.50 + 0.05 220.40 8.18 0.02
308.15 33.65 + 0.05 172.60 7.80 0.01
298.15 36.41 + 0.03 155.00 7.70 0.01
CuSO4 303.15 43.36+0.24 99.90 7.60 0.10
308.15 45.66 + 0.07 60.90 7.40 0.05
298.15 43.72+0.16 87.60 6.86 0.02
ZnSO0s 303.15 56.42 £ 0.09 66.90 6.78 0.01
308.15 49.04 + 0.05 53.50 6.98 0.02

Table 111 B(3.2):-Best fit parameters for MnSO4,CuS04,ZnS04 in DMF-H20 mixtures at 298.15°K ,303.15°K,308.15%K using

LW Equation.
SALT T(E||\<A)P Ao Ka R 6A%
(S cm?mol?) (dm® mol?) (A%
10 wt% DMF + H20
298.15 84.95 + 0.07 40.17 3.80 0.07
MnSOa4 303.15 98.12 + 0.02 30.70 3.70 0.01
308.15 111.83 £0.02 25.40 3.64 0.02
298.15 137.827 + 0.06 36.80 3.65 0.06
CuSOq4 303.15 142.85 + 0.04 24.10 3.42 0.02
308.15 146.58 £ 0.11 18.20 3.34 0.04
298.15 148.005 + 0.01 15.20 3.26 0.08
ZnS0Oq4 303.15 148.28 £ 0.03 15.50 3.20 0.02
308.15 154.32 + 0.04 14.50 3.18 0.03
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20 wt% DMF + H20

298.15 65.417 = 0.04 52.93 4.85 0.02
MnSO4 303.15 70.61 +0.03 50.40 4.34 0.02
308.15 73.01 +0.03 47.90 4.24 0.02
298.15 76.941 +0.01 48.97 4.38 0.05
CuSOs4 303.15 78.50 + 0.02 36.52 4.15 0.02
308.15 84.99 + 0.04 28.10 4.10 0.02
298.15 104.528 + 0.07 33.24 4.15 0.03
ZnSO4 303.15 113.33 £0.05 38.80 3.85 0.03
308.15 117.93 £ 0.04 33.20 3.58 0.02

30 wt% DMF + H20

298.15 69.30 £ 0.02 95.30 5.72 0.01
MnSOQOa4 303.15 72.36 = 0.05 67.60 5.40 0.03
308.15 77.76 £ 0.02 66.10 5.34 0.01
298.15 80.18 + 0.08 72.50 5.47 0.03
CuSOq4 303.15 78.59 + 0.04 58.20 5.16 0.02
308.15 78.08 + 0.02 50.60 5.10 0.01
298.15 79.31 +0.05 50.40 5.12 0.03
ZnS0Oq4 303.15 85.60 + 0.03 57.40 4.86 0.02
308.15 91.87 + 0.02 39.65 4.95 0.01
Table 111 B (3.2): - Continued
SALT T(E'\K";) Ao Ka R 64%
(S cm?mol?) (dm® mol?) (A%
50 wt% DMF + H20
298.15 48.74 + 0.08 169.20 6.56 0.02
MnSOa 303.15 51.26 + 0.02 119.30 6.87 0.01
308.15 51.64 +0.01 110.91 6.72 0.01
298.15 50.78 + 0.03 99.35 6.25 0.01
CuSOsq 303.15 52.50 +0.13 72.15 6.65 0.03
308.15 52.36 £ 0.11 62.70 6.58 0.02
298.15 70.31+0.01 62.99 5.86 0.01
ZnS0Oq4 303.15 74.61 £ 0.03 61.50 6.18 0.04
308.15 63.57 = 0.03 44.08 6.25 0.03
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60 wt% DMF + H20

298.15 33.67+£0.11 269.30 7.25 0.03
MnSO4 303.15 38.69 = 0.05 226.40 7.18 0.02
308.15 34.15 + 0.06 176.40 6.87 0.02
298.15 38.96 + 0.04 154.50 6.97 0.02
CuSOq4 303.15 40.75 £ 0.07 111.50 6.75 0.04
308.15 45.69 +0.05 76.35 6.54 0.04
298.15 52.71+0.14 86.60 6.56 0.01
54.61 = 0.08 79.65 0.01

ZnSOs 303.15 6.36
308.15 49.18 +0.04 48.63 6.26 0.01

Moreover, an increase in ionic association with increasing proportion of N,N- dimethylformamide (DMF) may be
described to the predominant solvation of cations with one of the solvent molecules (DMF), which control the extent
of ion-pairing. The ionic association decrease with increase in temperature for 2:2 salts in dielectric range (48.96 <
D < 76.78).

However, the association constants obtained for all the salts (1:1 & 2:2) from F-78 and LW conductance equations

are an exponential function of the dielectric constant of the medium and therefore, expressed in the following form,
K, =K°Aexp (e%/R DKT) (3.7

The linear plot of logK ,vs 1 /D [Fig.ll B(3.1, 3.2,3.3)] in DMF+H,O mixtures as reported in other solvent mixtures

[45] and this linearity of the plots suggest the applicability of Bjerrum theories of ionic — association.
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Fig. 11 B(3.1):-Plots of log K,vs 1/ D for MnSQ4in DMF -H20 Mixtures at 298.15 ,303.15,308.15%K
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Fig. 11 B (3.3):-Plots of log K, Vs 1/ D for ZnSO4in DMF -H20 Mixtures at 298.15 ,303.15,308.15°K

IV. CONCLUSION

The conductance data for symmetrical 2:2 electrolytes (MnSO4, CuSO4 and ZnSQO4 ) in DMF + H;O have been
analyzed by minimization technique using the Fuoss — 1978 (F-78) and the Lee — Wheaton (LW) conductance
equations. The values of limiting equivalent conductance, A, the thermodynamic ion — association constants , K are

computed. The significance of these parameter is discussed to provide some insight on the magnitude of the ionic
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association and ion — solvent interactions. For a given dielectric the A, values for all the salts increases with

increasing size of the cation and follow the order Mn** < Cu** < Zn** in DMF + H,O mixtures.

The overall association behavior of these salts have been found to increase with decrease in dielectric constant of the
medium. Thus, the F-78 equation appears to be better suited for understanding the behavior of conductances of such
systems in all respects because it includes the solvated radii ion present in the solution in diffusion — controlled
steady state and gives significantly better — fit parameters as compared to those of LW conductance equation.
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